Abstract: Patellofemoral dysfunction, due to either a patellofemoral malalignment or patellar instability, is a complex and debilitating condition that significantly decreases the knee function. Conservative management may yield significant clinical outcomes; however, when morphologic anomalies are identified, the surgical approach should be employed. Hence, several surgical procedures have been described in the scientific literature aiming the correction of underlying extensor mechanism malalignments. Still, the rate of complications is higher than desirable. The described technique is based on the principles of transferring the tibial tubercle medially as described in the Elmslie-Trillat technique. However, a curvilinear horizontal cut is made prior to the vertical cut, which raises a thick osseous fragment and allows the formation of a gutter when the osseous fragment is moved medially. Whereas the horizontal gutter provides stability to the bone fragment, the thicker dimension of the osseous fragment and retention of the distal attachment significantly enhances the osteotomy union. Hence, adequate pain relief and stability with very low postoperative morbidity could be achieved. The purpose of this surgical note is to describe a modification to the Elmslie-Trillat technique to treat patellofemoral dysfunctions, achieving a higher osseous stability and decreased postoperative morbidity.
Abstract: Patellofemoral dysfunction, due to either a patellofemoral malalignment or patellar instability, is a complex and debilitating condition that significantly decreases the knee function. Conservative management may yield significant clinical outcomes; however, when morphologic anomalies are identified, the surgical approach should be employed. Hence, several surgical procedures have been described in the scientific literature aiming the correction of underlying extensor mechanism malalignments. Still, the rate of complications is higher than desirable. The described technique is based on the principles of transferring the tibial tubercle medially as described in the Elmslie-Trillat technique. However, a curvilinear horizontal cut is made prior to the vertical cut, which raises a thick osseous fragment and allows the formation of a gutter when the osseous fragment is moved medially. Whereas the horizontal gutter provides stability to the bone fragment, the thicker dimension of the osseous fragment and retention of the distal attachment significantly enhances the osteotomy union. Hence, adequate pain relief and stability with very low postoperative morbidity could be achieved. The purpose of this surgical note is to describe a modification to the Elmslie-Trillat technique to treat patellofemoral dysfunctions, achieving a higher osseous stability and decreased postoperative morbidity. P atellofemoral dysfunction is a debilitating condition that significantly affects knee function. It could be caused by either a patellofemoral malalignment or patellar instability. Two clinical groups may be identified. The first one is composed of painful knees without any patellar displacement episodes. The patient typically describes the pain as arising from the front of the knee after a prolonged duration of sitting with the knees bent, kneeling, or climbing stairs. The second group refers to patients with objective instability (one or more episodes) presented by a history of dislocation or subluxation. Contributing factors to the development of patellofemoral dysfunction include trochlear dysplasia, excessive tibial tubercleetrochlear groove distance (TT-GT), high patella, excessive lateral patellar tilt, ligamentous laxity, increased quadriceps angle (Q-angle), femoral anteversion, and vastus medialis oblique dysplasia. 1, 2 Conservative methods for patellofemoral dysfunctions include quadriceps rehabilitation (i.e., vastus medialis oblique) and hip internal rotators strengthening. Surgical treatment is indicated when morphologic anomalies are identified and are susceptible to be corrected. Moreover, patients with 1 or more episodes of patellar nontraumatic dislocation with knee anatomic disorders (trochlear dysplasia, patella alta, increased TT-GT, and patellar tilt) are candidates for surgical treatment. Other indications include anterior knee pain with associated lateral or distal patellofemoral cartilage lesions and conservative treatment failure. 3 Over the years, various surgical procedures have been described in the literature, such as lateral retinacular release, 4 reconstruction of the medial patella femoral ligament 5 and/or distal realignment of patellar tendon involving tibial tubercle osteotomy. [6] [7] [8] [9] The aim of this procedure is the correction of the underlying malalignment of the extensor mechanism. In particular, procedures involving tibial tubercle osteotomy have the objective of correcting an excessive Q-angle and TT-GT distance that cause maltracking of the patella in the trochlear groove, leading to unbalanced cartilage loads, incongruity, instability, and, consequently, pain. Several distal realignments have been described, including Elmslie-Trillat, Roux Goldthwait, Fulkerson, and Maquet procedures. Despite the evolutions concerning indications and surgical techniques, complications are not uncommon. 3 Hematoma, infection, nonunion, fracture of the tibia, overmedialization of the anterior tibial tubercle, and low patella are among them. [10] [11] [12] We describe a technique of medial realignment of the patellar tendon involving the medial rotation of the osseous fragment while retaining its distal attachment.
Surgical Technique Surgical Approach
The patient is positioned supine on the operating table and examined under general anesthesia for patellar instability. A tourniquet is placed ipsilaterally at the proximal thigh. Arthroscopy is performed to manage any suspected cartilage lesion and evaluate the patellar tracking and relative positioning. After this, the knee is placed in fullextension position. A vertical incision is made laterally to the anterior tibial tubercle (Video 1, Fig 1) , from the patellar tendon insertion and extending 5 cm distally. Patellar tendon should be well individualized and its attachments accurately identified (Table 1) .
Osteotomy Procedures
The proposed osteotomy is carried out through the same incision. Using a 1-cm flat osteotome, the first cut is made horizontally in a downward curvilinear fashion, 1 cm distal and parallel to the joint line up to a depth of 1 cm (Fig 2) .
The second cut is made using a saw blade (Stryker Instruments, Kalamazoo, MI) from the lateral to the medial side in an obliquely elevating manner, along a vertical line that extends for 6 cm from the horizontal cut to a point distal to the tibial tubercle. The thickness of the osteotomy fragment should be 8 to 10 mm, which tapers anteriorly toward the tibial tuberosity (Fig 3) . Care should be taken to preserve the distal attachment of the osteotomy fragment.
Then the osseous fragment, with the distal attachment still intact, is rolled medially in the gutter created by the horizontal curvilinear cut, using a flat osteotome to lever the fragment (Fig 4) . The final goal is to medialize the anterior tibial tubercle and achieve a final tibial tubercleetrochlear groove (TT-TG) of 12 mm. For example, in a TT-GT of 22 mm, a medialization of 10 mm should be performed.
Fixation and Closure
After this, patellar tracking is tested through a full range of passive motion of the knee, while holding the osseous fragment in place with a lever. Once patellar tracking is found to be satisfactory, the osteotomized bone fragment is held in place with a Kirschner wire and fixation is completed with one 4-mm cancellous lag screw (DePuy Synthes, West Chester, PA) and a washer (DePuy Synthes) at the proximal part of the osseous fragment (Fig 5) . The screw is directed parallel to the joint line to achieve maximum compression while avoiding penetration of the posterior cortex.
A lateral retinacular lengthening is indicated when there is a medial hypomobility of the patella and when A vertical incision, lateral to the anterior tibial tubercle, from patellar tendon insertion and extending 5 cm distally. Patellar tendon must be individualized and its origin well identified. First cut: horizontal downward curvilinear cut 1 cm deep and 1 cm distal and parallel to the joint line. Second cut: vertical cut from the lateral to the medial side in an obliquely elevating manner, which extends for 6 cm from the horizontal cut to a point distal to the tibial tubercle. Preserve the distal attachment of the osteotomy fragment.
Medialization and fixation procedures
The osseous fragment is rolled medially in the gutter created by the horizontal curvilinear cut using an osteotome to lever the fragment.
Once the fragment reaches its desirable position (tibial tuberclee trochlear groove of 12 mm), impaction of the bone fragment is performed against the gutter wall, providing additional stability. Fixation is done with one 4-mm cancellous lag screw and a washer at the proximal part of the osseous fragment.
lateral retinacular tightness is noted. The surgical wound is closed in layers, a local anesthetic injection is administered and a sterile dressing is applied. An antibiotic prophylactic is prescribed for the 24 hours after the surgery. Additionally, antithrombotic prophylaxis is recommended for 10 days.
Postoperative Rehabilitation
After surgery, patients are allowed to be full weightbearing, and no immobilizer is used. Rehabilitation starts in the following day (3-5 times a week) and is focused on quadriceps strengthening and patellar mobilization. Passive range-of-motion knee flexion is restricted to 95 (first 2 weeks) and increased as tolerated. Consolidation is expected at around 45 days. As soon as the consolidation is achieved, patients are allowed normal gait, avoiding stair descending for around 1 month. Return to sports is allowed at 4 to 6 months.
Discussion
Anterior knee pain caused by patellofemoral malalignment is mainly due to cartilage damage, often seen in the lateral facet of the patella and the trochlear groove. This is primarily due to an abnormal overload of the lateral retinaculum, cartilage, and subchondral bone.
13,14 Dejour et al. 2 categorized patellofemoral disorders as objective patellar instability where a true patellar dislocation or subluxation with trochlear dysplasia is present, potential patellar instability in which trochlear dysplasia is present but patellar dislocation or subluxation has not occurred, and patellofemoral pain syndrome, characterized by anterior knee pain without any knee joint anatomic dysfunction. Choosing the correct surgical procedure for each of these categories is based on various factors, including severe patella alta, trochlear dysplasia, quadriceps dysplasia, increased TT-TG distance, and specific anatomy of the patellofemoral joint of the patient. 11 The initially described distal realignment procedures mainly employed the principle of transferring the tibial tubercle either medially or distally or both to achieve normal patellofemoral alignment. [6] [7] [8] The osseous fragment needs to be detached, though the periosteal flap may be reattached. Although the patellofemoral malalignment may be corrected, these procedures prolong the postoperative recovery time and increase the risk of complications. Potential complications have been reported by various authors, the most severe being a tibial fracture and an osteotomy nonunion. 10, 12 Also, degenerative joint disease has been noted as a result of tibial tubercle transfers. 15 The Elmslie-Trillat procedure was described by Trillat et al. 16 in 1964, as a minimal distal advancement of the patellar tendon for the correction of patellofemoral malalignment. It involves lateral retinacular release, medial capsulorraphy, and medial transfer of the anterior tibial tuberosity on a distal periosteal hinge. 16 Of the 64 operated patients, Trillat reported 78% good to excellent results on follow-up for at least 1 year. However, although results were good initially, deterioration was observed on following up to 7 years. 17 Since then, multiple authors have described various complications from superficial wound infections and skin irritation to major complications such as tibial fracture, osteotomy nonunion, neurovascular damage, deep infection, and degenerative arthritis. 10, 12 Shelbourne et al. 18 proposed a modification to the Elmslie-Trillat procedure that involved raising a flat osteoperiosteal flap and rotating it medially. Although there was an improvement in the congruence angle postoperatively, residual instability was observed on follow-up because of the flat nature of the osteoperiosteal flap. Fulkerson et al. 9 described an oblique osteotomy to include an anterior displacement of the tibial tubercle along with medial transfer.
In our proposed technique, a horizontal curvilinear cut to a depth of 1 cm is made prior to the vertical cut. Owing to this horizontal curvilinear cut, a thick osseous fragment is raised, and a gutter is created in which the fragment is levered medially. While the horizontal gutter provides an inherent stability to the bone fragment, the thicker dimension of the osseous fragment and retention of the distal attachment significantly enhance the osteotomy union. The Vshape and the anterior tapering nature of the osseous fragment along with the obliquely elevating manner of the vertical cut prevent posterior displacement of the tibial tuberosity (Table 2) . This, in turn, reduces the contact between the lateral facet of the patella and the trochlear groove. Reduced contact, along with realignment of the patellar tendon, drastically reduces the abnormal overload of the lateral retinaculum and prevents cartilage damage. The stability provided by this fixation promotes quickened postoperative rehabilitation. Because of the early mobilization, complications due to prolonged immobilization are avoided. Thus, the presented technique provides adequate pain relief and stability with very low postoperative morbidity. We conclude that our modification of the Elmslie-Trillat distal realignment procedure is an effective method for the treatment of patellofemoral dysfunction. Patellar tendon must be individualized and its origin well identified to avoid patellar tendon injury and to correctly identify the osteotomy cut placement.
Placing the skin incision too medial or too lateral may result in soft tissue dissection.
Horizontal curvilinear cut enables to raise a thick osseous fragment, and the gutter created allows the leverage of the fragment medially.
While performing the vertical cuts (second cut), care should be taken toward the tibial tubercle to preserve the distal attachment of the osteotomy fragment. Horizontal gutter provides an inherent stability to the osseous fragment.
The osteotomized bone block should be 8-10 mm thick to avoid fracture. Thicker dimension of the osseous fragment and the distal soft-tissue attachments should always be preserved to enhance osteotomy union. The V-shape and anterior tapering nature of the osseous fragment, and the obliquely elevating manner of the vertical cut, prevents posterior displacement of the tibial tuberosity. The medialization should be performed to obtain a 12-mm TT-TG.
Thus, if you have a TT-TG of 24 mm, a medialization of 12 mm should be performed.
Advantages Risks
A single-stage procedure is performed. Potential complications of detachment of the tibial tubercle may occur including tibial fracture, osteotomy nonunion, and degenerative joint disease. The stability provided by the osseous fixation promotes quickened postoperative rehabilitation. Osteotomized bone impaction against the gutter wall created by the first horizontal curvilinear cut provides greater stability, complemented with a cancellous lag screw and a washer. Impaction leads to a better contact between the fragment and consequently reduces the risk of nonunion and loss of correction.
TT-TG, tibial tubercleetrochlear groove.
